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(54) LASER BEAM MACHINING SYSTEM USING COMPOSITE OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining 
system which uses a composite optical fiber, is used particularly in the 
field of welding and cutting using a laser and besides, is used in a 
medical treatment field using the laser and laser decontamination, 
such as surface cleaning, using the laser. 
SOLUTION: This laser beam machining system has the composite 
optical fiber which is formed by bundling and integrating many fibers 
for image transmission to the circumference of a large-fiber for laser 
transmission for machining, an incident section which makes the laser 
beam for machining incident on the composite optical fiber, and exit 
section which emits the laser beam for machining transmitted by the 
composite optical fiber toward a workpiece, a laser synthesizing 
section which simultaneously makes the laser beam for illumination for 
illuminating the workpiece and the laser beam for machining incident 

on the composite optical fiber by utilizing a difference in wavelengths and an observation section for 
observing the image of the workpiece illuminated from the laser by separating the same from disturbance 
light, such as the light emitted in machining. 
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damages caused by the use of this translation. 7 

3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] — 
[0001] 1 

[0002] 
[0007] 

[0008] The image of the workpiece illuminated on single wavelength is transmitted with the fiber for picture 



transmissions bundled with the perimeter of the fiber for laser transmission for processing in the compound-die optical 

Sut e [m^efo^ U8h ^ mC,denC K SeCti ° n ° nCident Hght StUdy SyStem ) t0 3 ^Poundiie optical Xr 1 caSs 
Wh Tn^IornK ° h im ^ C observat J on ^ uipment < monitorin g device). Since the image which carries out ON 

oHh ^ZntFSTl eq 7 me ^ CaSe , iS ° bSerVed thr0Ugh which penetrates the light 

of the wavelengtii of the laser beam for hghting alternatively, disturbance, such as luminescence at the time of 
processing, can be removed very well, and a clear image is obtained. By fine tuning of the collimation optical system 
Oens system installed in the fiber outlet which transmits the laser beam for lighting) installed in outgoinTraSn 
opening of the optical fiber transmitted from the body for lighting of laser, incidence of the laser ^bea^KEg can 
be correctly carried out to a compound-die optical fiber through the incident light study system for carry ?ng ou t 
hTrdlrproauces £"* PT0C * SSing t0 3 com P oun d-die optical fiber, and the loss of the amount of illumination light 

E^^^ iS 7 d ? t0 t0 3 c ? m P° und - die °P^1 fiber, without once making laser for lighting 

into a ring beam using the optical system of a cone lens etc., and passing along the core of the condensing optical 
sy stem of a compound-die optical fiber by other laser-beam-machining systems of this invention, it can prevent 
dispersion and the reflected hght produced when letting the core of condensing optical system pis carrying ou ON 

if e L ^^?ilt Se TT TT" 1 38 3 disturbance "8 ht - More °ver, a part of beam which cartes out incidence of 
he laser for lighting to this fiber by carrying out incidence at an include angle almost equal to the angular aperture of 
the diameter fiber of macrostomia for laser transmission for processing falls out from the core of the diameter fiber of 
%£FT*i Z- 7 transn f s,on for P rocessin S to a ^dihg layer, and it is spread as clad mode in which reflect the 
nside of a cladding layer and ,t progresses. Since outgoing radiation of the angular aperture is greatly carried ou father 
than what transmitted the core of a fiber, the illumination light spread as this clad mode has the effectives 
illuminated more to a large area to a workpiece. 

di^l^T' 6 ' in °f * Ia f r " beam - mach ! nin g sy**™ this invention, by making the numerical aperture of the 
diameter fiber of macrostomia for laser transmission for processing smaller than the numerical aperture ofthe fiber for 
picture transmissions the rate of lighting transmission in clad mode can be enlarged more, and thereis ^effectiveness 
which carries out wide range and equal lighting to a workpiece again. Moreover, by preparing iS^S^U^n 

the fiber for picture transmissions, it can hold down that a beam goes away outside from a cladding layer by higher 
order mode transformation to coincidence, and the effectiveness that more stable lighting can be performed is in it. 

[Embodiment ofthe Invention] This invention shows the application which uses for it, carrying out a light guide to the 

3n d ; die ° ptlCal fiber except bein * used in the fie,d of welding and cutting in TableL § 
[0012] (1) Laser surgery [0013] 
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Sn k 1 J7* ^ SUrgery ,S Sh0wn in Tab,e 2 ' Ultrav iolet, visible, infrared rays, and various things 

can be used, time amount structure also has the thing of a continuous wave, and the thing of a pulse, and the 
wavdength of laser is used even to about [ average output 1 00W ] laser at the maximum. 



[Table 21 

g2. mamis— y 




[00 1 6] Application of a compound-die ootical fiher i« r :„ / » * * 

quartz fiber of Table 2 / all cases ] nSSS' ^ examples made impossible / use of the 

So, fl 7m b ; e r natUr , e ° f a Ught *^ UndCr the endosc °P e with which 

J001 7] (2) Laser decontamination is raised as other mSSSJX? ? important can be considered. 
The surfece cleaning technique using laser ^X^T^^^^ compound-die optical fiber, 
established technically. They are surface affix tJ^TfSS^^f^T ° f * ,aSer technic » ue ' and ha * been 
the surface washing of a classic masterpiece aJSThn^LSS ™ SUrface cont *"ination object removal of 

w jch can remove the pollutant which^X* MSSS SofaEST? W * ^ ■^5- 
dehcate substrate. Current and surface cleaning equinmSS^nS 4 ? lately, without hardly affecting the 

SJX?? * iS i aSCr ° Utput I0 - 40W ■** 50 ^ SsTZX 2 a %iZT ^° dUCed commercia1 ^ and 
[0018] Laser decontamination uses an ablati™ J^iT • r 1,fiht guide 18 Possible. 

elevated temperature and a mehtg SSfc^ Pait * chan * ed I W ] into an 

explosively by condensing a laser beam on ^get ££?fi£ 7?? ra . tion . ^ °™e from face 

---^-ofab.ationisproportion^ 



effective in decontamination. 

[0019] However, there is a problem that transmission of the laser power in a fiber becomes difficult as a technical 
a problem Then surface decontamination, such as a work of art with which comparatively low peak power is also 

[0020] 

[Example] (Example 1) One example of this invention is explained based on drawing 1 . the YAG laser beam of the 
Zl T eSS "? ° SC Uate ? fr ° m the YAG laser oscil,ator should P" ™ oplicaTfiber ■ -me comp^nSontSl 

Sedwlthre ^ n l S **JP* b , Ck beam Sp,ittCr Which is thelaser compositionSn, b^nf 
reflected with the splitter, bemg introduced into the incident light study system to a compound-die optical fiber and 

SSSIE^ t C ° mp °T d - die ° PtiCal flb6r P° SSible I pasSa * e 5 " ' M "* ^t" «kS?13 U is 
nn?n + u ° T?™ 8 rad,atl0n Section ' conde ™ing Processing is carried out there, and a workpiecTuTadiates 
0021 ] the compound-die optical fiber after passing the optical fiber for an illumination-1 gtoguide iSSSXf' 
laser beam for lighting into the dike lock beam splitter, being added to the core of the ^^SS^^S, 
processing and enabling condensing optical processing of the optical fiber passage by the imffirtS S system - 

V" 1°2T "1 CamCS ° Ut ' and is introduced int0 * e out g° in g radiatio^ection, condensinr P roS 
out with the laser for processing there, and a workpiece irradiates nuensing processing is carried 

[0022] As the reflected light of the laser for an exposure after irradiating a workpiece, with the direction of radiation an 
exposure image goes back and is reached and projected on a monitoring device ^^^^^^ 

wSu^lV™^' ^ & StUdy SyStem ' 3 beam Splitter ' and an inlrference g filte 8 r 

UU23J (Example 2) Other examples of this invention are explained based on drawing.2 . the YAG laser beam of the 
laser for processing osc Hated from the YAG laser oscillator should pass an optical fiber - me compZd-dkoZl 
fiber after having been introduced into the dike lock beam splitter, being reflected with the SSiS 
nto the incident ight study system to a compound-die fiber and enabling condensing optical I proce^mg ^of me passage 

J^S^"?* ° Ptl fiber " "* CarrfeS ° Ut - md ft 18 introduced into JSS^tSSST^ 

ESS? ? ° ndens,n S Processing is earned out there, and a workpiece irradiates. 

O024] The laser beam for lighting oscillated from the laser oscillation machine for lighting It is introduced into a cone 
lens system through the optical fiber for an illumination-Iight guide, and is changed into ring 
compound-die optical fiber after being introduced into the dike lock beam splitter, being addedTthe to for 
processing with the gestalt of ring light and being processed possible [ optical fiber parage Jtarfl? SenVlieht studv 

a u , Z L u f0r Pr °? e SSmg there » and a ^Mece irradiates. Since the laser beam for lighting is changed 
nto nog .beam light by the cone lens system, it can prevent dispersion produced when letting the coreof m Sf 
light study system pass, and the reflected light carrying out ONJight toan image monitoring 3 device^a dSanS 

[O025] As the reflected light of the laser for an exposure after irradiating a workpiece, with the direction of radiation an 
exposure image goes back and is reached and projected on a monitoring devicertirough 

f?J P } 6 c rP ound - die °P tlcal fi ber of this invention is explained based on drawing 3 . The compound- 
die optical fiber consists of the core layers, the cladding layers, the protective layers, and melftmfor p cmre 
ransmissions for laser transmission for processing. This laser for processing is Emitted 1 mrough a coreTayer and the 

!r^smS?oS r 8 8 18 tranSmitted t0 ' W ° rkpieCe 8nd a m ° nit0ring device the flEffltoS 

[0027] Since the numerical aperture of this core layer is smaller than the numerical aperture of the fiber for nicture 
ransmissions, as a result of being able to enlarge the transmission rate of the laser beWfor UgS^ttT 
lighting**** monitor processing can be carried out to a workpiece. w "gnung, wiae range 

[O028] Moreover since the protective layer is prepared between the core layer and the fiber for picture transmissions it 
is prevented that the laser beam of a core layer invades into the fiber for picture transmissions ? transmiss,ons > 11 

nn^Sl! 11 ! 1 "^"-! 0 " 3 X i. the ^r-beam-machining system of this invention, make the core of a compound-die 
optical fiber fransmit, irradiate the laser for lighting together with the laser for processing at a workoSce md the 
image of the illuminated workpiece Return with the fiber for picture transmissions Hrf^tf^KSS of the 
imaL 1 ^ ? nS,n,ssl0n ^ Processing in the compound-die optical fiber, and image foimTonTs canted oufwhh 
image observation equipment (monitoring device). And since the image which carries out ON ligh to Tage 

iSE r bs r d th r gh ^ mte f t& r f,,ter which «— ^ *• «** 

laser beam for lighUng alternatively, ,t can remove disturbance, such as luminescence at the time of processing, very 



Z hI?iE?S?r t f? k * h ^r 688 peCU,iar t0 "* invention Aat a dear image is obtained. In this case since 

Sd SSion h£E5 ^ T ? Paralleli ^ ° f 3 beam " *• direction of radiation, and aTo^ing 

^^te^^SSn^ 111 ^; ° P ^ Cal SySfem ™ d C3n 0 * incidence to a compound^ e 8 
22^3 J** 8,1 ^ lde f , stud y s y stei n with the laser beam for processing, it produces remarkable 

^TESSS^?, nv T nt '° n ^ AC ,0 ? ° f ** ""o™ 1 of ^^ination light hardly arises. . 

laser fcrS^C «•^? ,0,,, " ™ d ? % ° tnn * nit t0 a com P°^-die optical fiber, without once making 

laser tor lighting into a ring beam using the optical system of a cone lens etc., and passing alone the core of the 

^2 Sy TV f 3 com P ound - die optical fiber, remarkable effec ivenes^ Su£to Sis Invention that it 

pSoroSS d,SPerSi °K n "* ^ refleCted li * hl P r0duced when letti "g *■ core 

fnmnJPT ^t^^to^age observation equipment as a disturbance light. X 

iol,iLn U ou erm0re, ^ ere , iS remarkable effectiveness peculiar to this invention that the rate of lighting transmission of 
a cladding layer can be enlarged and wide range and equal lighting can be carried out to a viSS^SS^Sd^ 

nlr c :& 

numerical aperture ot the fiber for picture transmissions in this invention. 



[Translation done.] 
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